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plat 9 * I I Oiitcfop photograi^s storing ths iocaX silppsg® 
in qmp%z%%e and slials b^da* 
Plato « I I I OutC3ft>p pbotogyaph shoulag altai-aate bands of 
shale, quajptsit© and bilght red Jaspsr* 
plate - I? PbotoJaicrogpaphs of G«alioi» Sandstone sla>idag 
grains contact, and trapped slcroiJlino oorroynded 
by quarts grains* 
Plato - ? Pbotomicrograpbs of Owalior Sandstone shoidng 
aitextiate bands of ferrmjlnoas mat ©rial and fine 
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immmmxm 
saqatiac© %dt!i fchafc ©f Aravallia aad oirerlyiaii smdatcinas with 
Katour gmup# fh« x'ocifcs of awalior Sf^&m (Krlitoaa, 1f6B) 
streteli ffos @ast td wast ss^arat»d Isy a |j«11; of Tjlu^hyaii 
i^^s tmm tm Ara»alils» ooireriag «a &m% of fiKii'e than tSf te®* 
or ®3. fH© follalisd graaita of appfoxiaat©!^ trslagalai* tract 
tfts sttt% ar@a i» aad aieuad Snalior ^.strict of lladteja 
?ra4®aJi iWlg* 1)f 1» spit© ®f it3 smlfoM geological as ¥©11, 
as ©coi^ ffiio |j|t®:e®stf has arawi Utt la attrition of the 0ai'149i» 
mikeTB* TM arsai ^weirarf ooustlt^^s mi® of the ia>st lat#r®sttof 
paits of tlia p^soaabrlsaa tarrala of aorth^wostom region of Madl^ a 
fr&&&BU» fhrough this t«3fk, aa att®spt has b®©a sade to jtoolw^ 
md sttt^ teritfly variotts toportaat aspects of geology In addition 
to tfeio p0ti©ffiiiiaralofioai 0ti»iy of thim hQM^d smdstimes of Paa? 
0@ilea Ijeloaging to Owalior Bf&^tm* 
Books of SwaUoi? Systa® mtf^Qmn^ to lApper tart of AravaXii 
ieo<5ks hm% feesa eoaai^wd e^oi^axeat to t&© Bijawai*s* Ho¥ei?@i?i 
tit© looks of twalloi* ayst^ are loss imtmmtt^md ami <^si|>riso 
higljor aMltloaal totoilsoas than Bijawars la tha %jp% arta* Oldbeaa 
Ct963) <s&asi^ra4 Bijawars oM'QmMjuT m ^fmmultijm foitaatioas** 
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th& st i i^ «p©a spa?©ads fbr o3« t t i^ 2^0 s<|» tos# iod lies 
^^t5« falls ia 0119 M<M ummy of laiia ^poshiet 5WSM* 
f^ « tsena iwaULor systeo is assisted, la th© pf i i^ t wfICi 
to par and itors^ mrXes m^im mmmSi^wm^lj oimr the Btauielkliaiii 
graaita ^ t l i a tcjtal tfaietoftss psajglaig fof al^nl aors tijat 660 aafcsrE 
Of $0* 
fi%& Bwtmm&^B of 0wallsi» ai^ mm&als^ Isy tn® pi?esm<se of 
iiill of f wlalJl© @l0mitions of appar "^si^im roelcs ©sfe^ding jB*w 
l^lRg amr tli© Ar^alU sfMi asi^ilafced mekB wltli p»foiaid 
aa<»afo»ity &% th^ir hm&» Th&m %m m<^ ^stess Aifffr 4» 
ttoeii* fleM etoraettys m& g«oltgieal lil$tofy» Soall mtitinmm 
M.ll0Cjks Sa th© Bm^ imm w^yagt eltvafclojfi of jo t@ i^ naefeers 
ai5d the Wlgutst b@lag 2^3 »©t©r CM,S«I*»)# ffet Mall sfereaaletis 
ar© g^Qi^aU^ s^^a r i a l type aafi o f t^ eut a^ KJSS tli© rm§^ 
topography* 
awaUop oily ag well as sc>«tb*0a@t and mufctoofa pojtion of tm 
dMElior disti*i«t* fh© ai^a Is mXL comectad toy i^ads m.d railway® 
« d isost ©f ttos well exposed ou*cr<apa ai^ foimd alimg railw^ 
of 
fwepQB% aad imtlmd of pi^ $@at wo^ t 
geological S3p0ct3 pof Pm m^ Mssrar s#ries of &miMr Byntm^ 
fh® strafclgjraflay of the area lias been sSiaeassed briefly il&llow@<i 
stiiiNitii^ sifel^  1^ a detai l^ l>@ti!pgi»aplile e^aeirip'fciom of Far saafiatoms* 
0©oJL®gical ^ p of tiB awa has b#m |»repii?f a aslag th© ssals 
1« « 2 ffliles* s©i?©j^  ttmsrsm wi^ w«Mt® al«^g sad mm$B thB ^wikB 
la QiPdar %Q eolXiet the s«pl©s fsw ttee diff©taat lifeisoiBilts* ^i?loiis 
sedtoeataiy fsatai^s ijaw b^ea i^ e0a?4©d m# fii0t©gi*apli©a for p^ &pey 
A dsfcaiXot patsogyaplii© atjii^ y of f ai» Saafisli^ a©s aroiaad 
0¥alia? ia«jltt<le4 ijSimfeifieailoii of aiasi^als md. TQ^B uadei? 
gr^hieal Jesuits limre Ijeesj otolaliiid &s iwgards to t@xfe«ipal 
ehwaetsi^stlos of Pi» Sfflidst«ai« «eoiitife©ip$d 1» tbe aareat Soiss 
©f th© sa'ipl©s m& tt&it ttoiii ssetSoas pmv&^ SjoterestiGg aad 
lielpful to deeipfeejpteg eeiiato setl©iBfel©ii@al aspects* Foiiit-^ 
<^ iwt©i? hm t?©®a ased foi* fell© ©siai analysis for tb© S^ TQprmmt^ 
tl^o thin seotloiis* Tim smAsttium a^e liafd aad cmipm^^ t^iis tMa 
s^titm slsjt aaal^sts was patriot oal in order to diJtalii nor© 
fBiltf111 TOSOltS* 
QwmM^ asoiO0ir OF tm ABM 
Gwalios* «ookS| siaos um^ ^mmQ^^ present a challengiag pfotol^ 
as regards to their s t ra t igrap^ aaad wrr0latJo»# Hadte* (^70) ¥?^ 
the first ta «ar?ay oad isap a laii© part of Gwalior and surroandisg 
areas* H9 fouai tJiat the S^ailor reii^s «src aifferent fres th© 
iyravalli rdeks of BimdolJsliaad ^ ^ a and tentatively correlates these 
locks ¥ith Bi^awars m& divided the fiwaXior System Into t«o seizes 
via*, Par Series ana Horar Sesl^s ia the ascending order* Ki^ fibnaa 
< 198^ €0.80 sosgeated the naso Qwalior Systess xMch in his opiaiwi 
appears ©Quival^at to Bl^avars of Bmdelkhaad and on the hasis of 
rosemblonce with Araerallis of oertaSn parfea and conaiderod %h<m to 
bo of Caddap^ ago* Ho^ivori Seofe t^ (19S2) capped a portion of tha 
rociss of Giialior ^ s t a s within Do3Ms and ^maXXXn* Th© inirestigatioae 
of Hoion (1936) sparingly toiiohod ©naXior aroa hot rogsurtiod ths® as m 
Isolated outcrop of iimaotiaaorphoBad ^mvalli serios* paseoa (19^5) 
oXasslfiod mid proposed the ncnia a^alior sorios to those r o ^ s of 
Aravaili syatma following tho tontativo oaggeslion put forwarded by 
Sacljot (t8?0)» aocontl^i in the ahsfflioe of fossils tho dotoimination 
of ago of intorbodded t r ^ s vithia Gwalior rocks provod EJoro meaningful 
and valid* Duhsy (1930) using thappotei^ialltios of HQUUQ methods of 
radiometrio dating, suggostod the ligo of the traps froa tho Morar hods 
of the order of ^ B»y» or so# 
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i s folioi!re«i» H® nesasd Ct^ aHor Systaa to tbos© m^a mi4 oonsidepet paa? 
and Morar as tt» aseeadiag series of the abo-^ ro ©©ntioneil sjrst^* the 
main oiogmic belt of na^oBthm d£»as not oceur vith cl^se pit^imitir 
of the study m^& thus the ztsoke rasaln tmndtainorplioded to a i^asonoble 
intent* 
33i0 geological foi®atioiis aioand Qwalioj* haw h%m bfoadly 
TisuftXisod iato the ioXlovSM$ well dafinod sections i th@ extenalon 
of comtry fro® BimdolMiaad in the ^est towards eastf towards ©laahal 
rlvar to tho vast ^ d north»aoath extension of Halifs eonsistiag of 
Owallor city* MmnQ the isals iavastig^ed lltho-typo Far Stodstoaa 
is s i t i^ed at tha foot of the scajp of Mal^ ra plateau, SQ lm« ^uthvest 
of amlior* 1150 aggregate thictoass of the oirarlyteg lo^ Sks aiaouat0to 
about 66D m* tdiich jitcXudas shaloi fern^lnous hoddad jaspej», limestone 
and basio wicanic tofMn* At piaeas t h ^ %m waU reposed and tho 
prestigaous fort of Gwalior stands upon the top of these axposuras* 
Thass foeks a3?a geaorally eappad by an outliar of jmsistant Kaimur 
sandstone* tha seai^s are of Katoor and Par sandatoaa but a oonsidefablc 
area is wmvod iQr low lying Bt»ide31chattd granita and gn©issas# KJtposura^  
of I^ndhyan rocks mainly C3?@p oat aiouad Ovalior city md strike 
approxiiaately north to ^uth diroction ^ecapt in thair northern portion 
^©rs str3iEe gradually siirSngs to northeast diraotion* 
l-la^ or porltoil of Qwalior city has baaa cowred tsy ths Btaadslkhand 
granite and later intruslvas* Above this granitic mass lio ths rodcs 
tJith asaifead diminution of altaratioii as oojoparad to i ramll is and show 
arglliacsous character to a lasser dagrae* The focks under prasant 
tovestigatloa froa t l ^ seiliEi^tologlc irleis point appear to belongi 
costly If j*5t5 satiralyj to tli© AtmaXll Qysbm* Howe^ sFf major poritic 
of tha a3?oa i s Inaeceasifel© das tc* tho ppssonoe of dmm forests 
liiereasing popiiic^ioa ma coastpiiotion of coioales as vsl l as the ^^st 
&%pmBQ of alXtwial eoi?8r# SwaXj^ r Systo® XI0 on th© Bundelkhan^ @a0i£ 
cajd resQiaibis mm&%mmTW3&md AraveOlis of Hiadiiao and lantlizffiiblKsr In 
Xltlioiogy (Kiristenim, 1$@^« 
fhQ stratigiraphio sueeasslon of G^^Uoi* System i s prss^ted 




CSSHI]^  ( S-Uleeotts au^ fQirugiooue ((600 a) I glial© ^%h Ferjuglnous 
CSSaiES (Fa? OiUho^aartssits trit^ thin 
r(6o St Cb0<Mad Far seMBtom* [tMck) | ] 
I S S C O l U C ^ i r o J l t y ^wxn'^ ^wi.)*ttimm « m. »>iw«»pKiHnn 
ABCHEM BmdoWamtL grani te and ^ la i e sos ^ t h 
easoelted quar ts 5?0ofs and bas ic dykts« 
••iii"»iiwnwii«iw 
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mainly on Uttology-t taacture md atr^iBtiirss of m^ %ym^ i?©eoM©a 
BvmdL&2khw^ grmXtB aii4 gneisses s 
4 siilt of olfilest i^eoas i^ia^r ro^s of grojitlc oo»po#itioa 
foHzj t to bas«0afe ^f t&Q si?0a# f|j0 malii «pos«r9 of tlia gr^ii te foMS 
aa irrsgulaaPi triaiigaiar ©atcrops ia tite $%vi£^ area* Many outliers 
of Raval l i roeks l io ov©? it> mi& w®»t¥QM il^ Is oir®rlaia toy ^^ UadJ^ aj: 
b©aa buft els0 yUmra i t ibjms tli@ fl©$r of tfia 4yavailiis# 2?li© iso^s 
are exjjosed tn tli® aaia etittlngs as liag to©«a obsi^rfet i s sontli of 
piamlar (26^7' i '^^3«) i?i3J.ag6» fw set^ of Joints trmdiag Si-S¥ 
Slid HVkSl at© el$aaraetaidsfei<jaU^ proaiiiial fasfcuras of Ihos® graaitea* 
Bun l^tJUshsat gamnit© i s a typa of ^jmMm^t graaite of gt^ and 
piak coJjour^  fh® graaifc© is gsaeralJ^^ at^i ia to ooarst gyaiasd^ 
oq.aigi:^ n»ilai? ancl o^^asioaaJU^ apisears pofflayiltio md gaoissi©* 
iaii0ij^l orystais of stjmlii«4 ftwis i^ii otthoolase aad sou© otJior 
forri^agnoalm minsi^als aro raeoipiaaMt iffidor tite isicfosoop@« 
Seasrally pofpls^ritie ptisnooiysts of oi^liooXast also oeoiap ia tlie 
eiTStallitto fla© sati l i : of ^tmitsii oitlK3ola®0f tjiotit© aad iKjmbleaaie* 
l3?oa oocars a© a oosswa meeoa^sr »la#ral« 
Qimiits T0QfB strikiMglf form lm$ tmrmm aerratefi Tt^m a l l 
oT0r the gratt i t ie Ijaidsoap®* Ulits© mQta t'aiy l a tM^caess ftoa ^ to 
t*^ m* ana 12 to »3fe thm 1800 ffl» la laagtfe* ffaes© qiiaarbs jp^efs ar® 
often affected by tlie pit>iaiS!iiit Jolat i^lm^a of graait©* Qmayfez Teias 
00007 ti l t l i lJi thts© Qiiarfcs yeefs almg feiit 5<i4at plaues md along 
fpafitiif®s, wMcSi appeeo* p a r a l l t l m^ trnm^^"^ ©blitue nsfeSiig en 
aogla o f abort . ^ to the general toads o f tho rsefs. fbe guart. 
I'eef s appear t o Har^ fomtA s l l i e l f i s d jsan^ along tm shear plawea 
S0<3oii4a3?y si l io i f iesfeioi i V6las of%mi t ratarse tliass shaarM rasfs* 
sa]i^Md# wiM^m'U.z^lQn &mB%s%M$ o f ssiall spm^z o f eli&leo?yflta| 
pyrit© aad galeaa oecw almg thssQ ^tjaatis T©tes as i t litas bsw 
ip&port,&^ hy a«?» Bas (196>6f^* Qaaapls re@fs a®ai» ClliQa|fii3?a C2&®lM i 
fB%*} are trosftrsed ^ jotjmg&T aai adiB©!* i lolorit© €3^es# 
Oifalior Qy^mn t 
j n gtii0iml the i t>^ s$ttt^*^e <>^  SialJbf ^ s t ^ s consist ©alaa^r 
o f t aa r t s i t i e aaad^timei shale> llsestdoe Jasp^rf feiri iglooits hsaa 
and beMe4 tra^s# fha l&mt sost hsd of t h i s stQaeaea of©j?li©s th& 
daaii^sd o^ffop® of fiaarfcz y » f s of Bwddltomd gpimlt^* 
tim dital lor t©dis o f t i i i s yegioa iretaia the thictaiass of 1 ^ o 
or so» Co w r i ng a l a n o ©xtei^ o f mmtsf^ C^alior Syst@ii of rocfes 
Taiy i n oharaotor and f 3R>a toottoa to top sad ajpa d l T l s ^ l e iato 60 m# 
l©¥0j? or par SQjles and aa uppm or Moi^r 0«yios ^ ^ c h I s at least 
600 i8# thick (aai^et i 1870)» 
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P63? S0?i©0 foxQS ImsBT B©st 4ifisi0m of %h© Qim^iMr Systes* 
I t i^mpriBm ortlsoqaartMt® ¥itto thlu b©dte4 aai^istoae* Z% htm Mm 
mm&^ affc©r %m laoaXitr Paa? also at SO }m» s©iith*¥9St of Oiiaiior cit^'* 
f|j0 ortteQtiartsits typ© &t Par a^ston^ fows th© bas@ of tlia 
series an^ at pXaees i^peay ©oiigl!»©rati<J to aatujra* S#lng liafd ®i4 
tojigiai i^sistQiit to «t^ !i@i4Hg, ^ r a eapplng oirer t!i© scai«|saei3t ffom 
par tovstrds SMi jpivsr* fUs saadstoae ^pew to hm^ "mm tepositM 
&mr csi liati^a su:^^i© of Biiadel^ tegjdl greaits* s^ilstcmss « e 
prstosto^tli- psM grey la coi©iir flyewl partly- f^rragiaou®. fli©st 
©rtijoquairtsitQs aim Mgiil^ ^^Jtot^ a sad-.'Mt^ telitr iato t^lisost a^ maded 
Joints aj?8 feoadiiig JoSi^s, er©@s»"b©ddiiig is pf©smt at fm piae©s« 
timsQ sm^stoaes ai« sKear^^i faswa shallow ttiarslts foi? lii© as 
Mmr 0*ivajig«n4 raiJlircj^  at^Uioa CaS**t3* s ^*^«) « almost 
ooBtinupad ©atsfopa of t!ie sallds1» I^^  i^ Qiemly mw^m^* fli@ tM^katss 
of th© saadstooa stows sXigM -rafsiafeioa ««gi«s ioaai^lll' fa^ s® half 
netsr to ®3r© thaa one a^ ®??* fit© sauWoai SIJOH altewaate teaatls of 
pli& ®ia fQHm ©©low* ^pstati'lejal tfp« of ripple uaits iia^ irs been 
¥9U pmmr90^ on ths top of thm^ san^tout (Plate 1, fig. A) # fh© 
Par Saadstoae is almost «iidistyu?t«ia hmrixi$ low &I93* lowsveri at plane 
tli@ra ooetiT slips aad ert^Hiag ©f loeal « i t ^ t (flat® IJ, figs. A & a) 
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mr^r SeilGa i 
ISorar S©ri©3 is about 600 m tUlak and oonsiltufc0s u0ipQ3?most 
&i'VfiBlon of the G^alior Syat^# Xt uoaeist of sllictoas aaa 
farraginous shalQs ^ t n Umded Jaspor, XtosstoBs md lot^rbsMtA 
file Morar seiles consists of purplsi to 3ra<J siiaXs© i^ich appear 
highly ferruginous, silioloua sad offcea coatain chorfc and lensos of 
homatlto. Bands of coploasljr inte^bofidoQ brlgliti ro4 jaspsy haro also 
been observed a% mno places (Rate H i t ^^* ^* 
fha tJOds aro roasooolaly Ion dipplog with noytlisriy dip vaj^ylag 
f « » 3° to ^ . TUn iwnirt^na aholoB occur as lent lcmw beds a^a^slx^ 
1 to 2 stotor thick ^ t h l n £^ale beds* Bod oehra oocus^ in the fbrm of 
the dotached lontiouXor bcmdd yitlaln the Morar Slttles and oppoar to 
hsra Ibitaed duo to loai^ilng and 3peiao?al of silica* ThQ ochro shews 
TmoxkGiiij^ doirolopaeRt of rootaagnlar prismatic typo of Jointing 
giving rise to shaafp od^ed, roc^i^^ply oracked brick or t i l o like 
fragraontat The Jaspidooas ohalos shotr iron conomitrations in tha Ibim 
of thin flatsos of haaatlto* fhoro am csapl© old abandoned isiaos a l l 
afotmd llorar totmship* ^ e s a ahalaa aro highlsr t^atliai?!^ md at tha 
baao shew pi^sanca of tMn filca of clay ofton assd for ^ i t e washing 
of housoa )^ tho local people* 
%2 
AiDuad Gwa3lior « l t y moQt coiaia&ii and mmh c l i a rae t©i? i s t i c M t M e 
type i$ shale coaalsttog of Icsjret's of fcho l>Xa<3l: silicious li^afetite 
altematlag Mlth ^mito oheft of toigtit ir«<l Jaaper* WlJltl&h ©herfe 
coHBoaly ocours toway^ tJi© aoitMael m i Jasper i® gmeraXiy 
pr@^Mnmt in tlie soath^sst of 0«ralior» Paife bfom llBostozi^ oflas 
TBplMmB lmm^i%Q giving riss tsjconaisb mMu^t to Jaap^r* fhe layars 
of ferruginous Jasper a«® i^asooc^ilr tii5ja from 2 0a* to 3*5 ciss* in 
thidmess* fhe dips of tiio sti^ata ax>a mft!)tfoater2jr oo^ generoiUj 
h i ^ at BomQ payees md raage ftost 5^^ * 7^t 
l^ iiaestono t 
£4siestone beds hmo horn, obsenred aa^ oupd iQchandeona 
(26^91 I 78**6t) alimg Agrs^ Boc^ tgr wM is a lliaestone qmt3f^» 
At present i t ie abandoned and es:posiiire0 of elsoft^ r lioeatone 
are legible fiPom diatance* Tbis lijaestoa© is veiy inconstant 
and discontineous and contain farru^iootts oste3?iaXf fbe Xiisestone 
beds sbo¥ iensing and p2Uicbiag tdtbin tiao quaitBit© ia tbo ©imposed 
aoctions# Often iiaestone is toplMed by ochreoas sbales* a?be iron 
contents appear grayi^ in ooloui' and Blxm dendritic pattern due to 
leaching* fbey are generally andisturbsd end esMbit horizontal and 
KTortieai ps^Qm of Jointing* 
fraps I 
fhe traps are well exposed at a di^t^ce of about 8 to 12 im* 
southwest of awalior city near i«iaaJi*Ki*liije (caioeipur% 
n 
S^ ®13t I 78%«). m soBQ plaes thQj appear to hm^ tm&m etife a®jK»as 1^ 
8feai@s# fhs idiole piala of Iferar I s uaiiaylato bjr t3pa|> TQ^B %m±m. ays 
tya^Q^l© l^ f©a wast to sasfc for asi*© %iim 35 to* strttdh matotaljng 
eOasost a isiifom tM^moss* I t la o^&rlsAm trnHms^^U^ y^ the ABX& 
ls©ds of tm QMQMJOT ^8tesi| vM<Stk As ¥oXl ^poaet 5 to* iioi?tte®itki®ast 
of dMsiior Jfert. Bsw^ TOTt tn© a#t^ai3tot ^rJ£ mgrn^Sm tli© tipapa has 
not Mm oaf t i t i «i^ fewfe i t As AatluOi^ I© SCS©QI oxfcsst in %UQ pmsmt 
mwm^^ ^w t^oeptldn of loeal sJlips !^ift eraaHiiig hm& tmm, ofeitiprM 
imiufe are geserally of jyaoaa ®st9at# f© t to wsst of for Saatoigii©, 
til© ms^i0T wmMB mekQ eOrost; riglat eagle "Ath th& ^uiil^aa sea^s 
and e%t©t<3^  ^ tc» Slad ttv&t^ tmrnfi^B @a@t foi^iag aJ^i^st ^mp seafp 
oTQ*34>oklag thf gimiitie oi^ oa of :i©w®3^  Bmdoll^imd to mufcti* B»9 
BiiM@JMiQ!i4 grsitit© ia w@ll @:i^Mt^ at i t e ^is^tl^n \d.tli the i&ai^ 
#f far seiwS^ «a»@« 1^ © gi»aait0 QI&PQQ gt^mll^ ^wmm^^ Mitii 
mttospm&ijei^ toeraosQ Is tlit tliActosss of the oir@3P3^ ii3g SwaUtor 
fe0ii» fra«s® of aa usamiilbiQity !>©lw©«i wm m^ Worm i s aot el^ai* 
^Ksept tfaat tJig»© epptars oa iii^ i«eas@ As tftAcimeas of H&ra? baas 
«sd also trmaAtioiial <5hsBg@ of nMtwp& of io«&a la lK>tl> tJie ©©fies* 
2to0 ©a^03?a sua ¥0stei?a regions of Sv^^ tAor .^ite© ai^ eoirerid 
l3y tbe aliOTAsl plaAs ^i4 woatwaBi® tli^i* pma WOABT tim %p©r 
%8<llS3raJs« Th% l^^ppit of imitat ion iM<ii tho S^falloj* ro#ss Jisd 
«n^rgoii# piiloi* to tM© dopositlim of fc^o irpptr flaajjraQ Sm^stjoa© i s 
^xm^liti&^ la tfet wQSttifi ^«l of I2i© Far BQBrpf ^ a t ^ t tiis Kaiaar 
S«astom m& &mglmiQw^9 hm^ h&m laid mw^ agalast a eoai^oa fae© 
of par $a3ad0|jo«i@ mk tm Bm&^lMxmA gyaaito ^ a lowor i s i ^ l %hm th© 
bsso of the atfalAor elos® bjr. 
1^ 
GH-^ TSB * I I I 
the Peyr Saadstaas* SaaSstoii© i i »asoaabi|' iiar<J aa<i <»iapQistf sad i t 
As sm% pomXhlB to 4lisagg»®g^© tli© ssffiples l3^ m^ m&ttm&. witliottt 
grain fruQtors* fuia saotJoa st i^r of tMs© am€sto»«i0 ms ^ R Q to 
d©t©iS3toi»g th« quaXitatlvs sad <|ij»tltatiir0 momm^an laciaiiiig 
fclie stuiftj of coffipositloB of thQ H>*I slmpoi siis© of the det r i ta l , 
grains md typa of ceiisat or msLtriXt 
A large iiti!Sl3©i» 0f samples w®i»a eollset^a daring th© field 
liork aad oat of %M&^ smplm ^ war© sele«t@^ far pi»epaap^ tfao 
tWLn saetioas for detailed stii4F» 
M©felJ04 of stiJtajr aid pi»ea«itatlon of O^a 
fjao grsd» sis© aaaljreas aai aiodal miOysos of ^ thla 8@ct3oas 
of Par saadstoos was dou© vltn % Titw to aseertain pissbafele distsae® 
of pmvwskmm$ aod© of transport md plaiisiWe depoaittonal pm^ms 
iMml'^e&4 fhQ tlila s#ct4oii analgrai® ¥ ^ doao with th© iwilp of poiat 
mm%QT iMhflMQ^k} md awLoroBtter oys pisc^ iiith the prestsaptioa 
t&at ttmm grstoe Ijsar © rtlatioagliip %d%h t&slr aisw siis© tqui^alents 
In tue presont s t u ^ tteln sactioa grate siiso aaai2rsis the meti©«l 
a^ptad % Frisdiian C195&) was preferred to corrolata sia© estimates 
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FlG4a CUMULATIVECURVE SHOWING 
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t7 
of ^mxtz sT^iMB aad 100 * 2D0 grains mm% ^m UB&Q follo^ag fcn© 
m&ttm&. of Qhs^m C19^)» PrntBtabl:^ d t t i l ta l qusits grains oa2^ with 
dis^Suet i30ijBid»i©3 vaira <aiB®Mt;i^ d for ma2ysis# Srala <ll«elapa 
ia©ati,a?0a@iit to si3.1la«t6i?8 w©i?© wawrtod to pM^seale vlth t&© !i®l]^  
of mmfQT$im. %mu iPm^$ WS> • Slia m&mQQ ©©(Sisnical ooispQsitioa 
of saadstooe was ^p r s smt^ ^ a mism&tt^ ms^^G^e^m toaaea ^ a 
aggf^ ga^od gralii sl2t data (set falO.® I?, Fig* Zii^* CiisiiXatiw 
fi^fU^cy pereeatage t»s eal^alatea with ttoe h0li^ of gr^h prapaytd 
toy Frietom C195B) * Siiaiilafciiir© tmm^^^ cwpvm ww© constroefced for 
mary thlu station to sli0¥ Bim »i3|iosl'bic»ii nf Far Saadstm© mA m. 
aireraga @i«sujlatlir# isuires vss ali^ di-awi <S8© fable f| fig. ^ and 
*a) • fli0 rowadasat of aatrltai gralas ^^0 ai«i@«ains€ li' taliwlating 
to@8@ grains in six clss#«s ©f powers (1953)» B»is metliodi aliaj©ii#i 
tlie otii©!' aetbad (MMell, 1935| Eass^l awl f ^ I s r , 193?| Ei»«fe8ia^ 
tp^-ll f@fctij©l»ii 19^1 Wii^ 3&9| 195®) # %# quarts d©tritsi gtaias 
with clistisot ot^iiaes aaittd |?j tbia iioji o^d^ eoating mA also 
in t?iilc!i press«»t soliifci^ sii ©ffoot wag a3jE»8t u«3gXigi!>Xsi ¥0z^ tslt©a 
Into ascoiiat fQt niora soeurat© yiisiilts, B&^  % w^Mwk ^^veraga of 
tliin 9©cti<m 0^ ©% Olmjts (19^ 19) p^iat ^^anting teslmiQii© waa 
»pXoy©dL* Traill m^m^%%% ifai eliissifiM aeoos^ing to ais elassss 
rmgiag fioa »?©2:7 i^ttXar* t0 <¥sl,l i«iai«led» suggeateil Uj jPowera 
(t953) • ^^ afittoatie nam ronn^ess ^f the sa&plo WM aoteisaiaM 
following tlje nwtJtod us©«i Ijy Irti^ jfetia aad F@tti|oto Ct93S)» Air®r^ © 
itjy»(3iiess ^ jptpresaatsA 1^ «i i^^poslt© Mstogras t^oh was Ms@a 
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22 
drain Blm mm^slB t 
lowing til© last eigMt <a^a«l«e or mf va r io^ %mtmtq\x&B tot 
gmiM siae defc9«iaatioa wsw adDptQ^ imm fctoe tso tiia^i iM4eii C1^ 9S! 
WrX&Mm (195®)* Taster FXas <196af 1965) F©tt±4oto ©t al*, CW?5, 
Staoffsi* Ctf&5) sad filetfeaa <1f65)* a^wa^trt tM statisstlesl 
l50^ usets ^&ieli p»oir®4 osefiil In th^ prtaeat s t y ^ Cfablt "^^ 
the foiXs i^aug statisfcieal pafaaatsrs pr©|»scKi 1^ MM md Mmtd iVW, 
aad folk i%96B} MVB bem dstawtoed la fclje pras^ t study* 
Meaa slae (Ms) f 
of tt^ sMIamts* file seaa sis© dapeads oa tilie avsr^© kiaetie 
itietfibntion of tl«3 grains at m\mi& area* fixe I^ XI.<mi»s sl-atlstleal 
forstiis was a a ^ for ^tefsinatioa of m%m sia© (M®) * 
3 
file f©3Jtowisg naiBSilcal Is ©sjplojeti for t t e i©l0»iaatioa of 
^^ * k ^ $S 
I&3 
follows I 
verbal aeale of m&^mtiMg a%m&mp& d^flatloa is ss 
» uudar 0«35 
» 0#35 * 0 . ^ 
e 3*00 •» ^.00 
Slss«s©«s i s gsc^30tricai3^ ln4©pM«lmt of sorting m.d ^ows 
o f grala s is^ freqiitaey disferteiiliijoat ftio f o l l o ^ i i ^ aisaei^cal was 
• • # 
are the ferbai Itoits of SI^ listed b$l0w i 
SK^  «* *1«00 to ••30 
Sg^ » **JD to -.10 
w •§•#30 t e *1»00 
2h 
Siirfeosls (K^ I 
of t&a distrilJafci^m cospai^ witM tJ^ © sorting ia feb© eoatral ^art* 
2t diSi^ tag pealsedaas^ of til© eurra* flie fo»ala as®d for I ts 
d0l9isanatiQii is as follovs t 
% 
IQ » 1*^ 0 - 3*00 ?0iy X^pbckorlio 
mm in %hQ pTQ&mt stuety the pipbabls ^i?lj?0!®^ti mi tias 
tlie help of si20t shapSf KJuadRssa, ofieatatJboJi ai^ pai^iiig of too 
tietrital grains* fabl© I,sto¥ tuo grain sXm distrifeutioa of tlia 
Z5 
f^Q o f DiitfdlJiJrttAoil 
I§« o f mmplBs 
3313^ ) 
S0# Of giOE l^eS * 
Q^lasaal Bte^^ial 
19 1 
|#0«a«0 2«O*3#0 | f lMNd ^( l * f»§ 
C M ^ I . « Cfto© (?Qiy f i a t (Coarse 
Bm&)t &m&) @«a) slXt) 
7 11 2 * 
Mm«;.ifWf«.. 
0 S5*i^ MK50 SEN*60 i0*5^ ? 0 - ^ ao»9» 
S0» ®f maples 5- 9 3 < 1 1 
g^g|g,„iM,.<») 
!©• o f Qsm^MM a t5 J 
MMxmj^ iroa,g4P4ffi.Mmmm i^i> 
Ho« of $»|»XQ@ 2 
mil soi tf i 
# 4 #»#«»c^ut Inu^ 
ot^ 
f@i?l»a2. eiassir j l - Btwmg^ WSMB l e a r l ^ Ooaysa stiong f^m 
K^ Uffilts 0,67*O*9O 0*90*1.11 1#11»1#^ t*^»3»00 
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^m&^t^u&B samples^lQSt of tbts© ss^pla$| If passes tm mtooial ®im 
dlstilfaiilloa III ^licft the wod&k €ilm$ eontato- 3^*0 to S3«.o p«reeat 
Cs«?@f*ag# f9«0^ of the aim data* l^ i only ^ s i^jsltoteg t«i^Xa 
diatMbytios i s bliao-daX «i<l contains ^5«0 pe^csit &f BiB$ iffia* 
' ^0 . gedi©i?0ii$td griito aijs© .dlstfifeiitioii ^f far' S^dstoa©, I^aed QH 
aggs^^aled data of tha 20 awpl@S| i s &w^m. in tae fabl© if# Flg» 2i 
««l 2a« fli@ ai|gf!@gali#4 distrilJ^iQii i s siai^tol a»d tim- aodaJi elats-a 
Xies la Z»Q - 3#c^ ©lass Cfia« s«9ll)»- flia lasdal -eXasa <ioJErtaia ^ # 1 
ferosat of tl»l ^gr©gsl;ed BXm Asta* flie dlsti^lwtiein i s p^Bt%iVQiy 
*©¥^ <SIC|, ® 0*195 iadioatli^ m ^mMme oi fins &m& and tfa© 
f i a t r safcsrial Is pre^gisliiaiit tlsim %im^ of tu& iseditPi. aaod a«id 
coarsaj? saad» 
flia grai^ic s e ^ s.ise (Us) of "rarl^ns a^apl^a raijgsa tmm 
1»^3i to 3»K^ C»6Aiis to irasT i^«^ > S'^0 fe* i s ^ J o r i t ^ of t&e 
samples^ 15 fal l *tfitMri the ftea BWid lliaits* fhQ iaelasiT® grapiii^ 
atwaart aaviation < 6 , ) w l s s ftom O.Wif) to 1,2«! and on toe basis 
of tmm iralasa » s t of th9 s^ple©, a a ^ well s@it@df, an s^tlieip 2 are 
ii0d#rjit.®34r wtll sortea, ia ai?8 fsodisrittly mt%^ ai^ ygiaaiiiiag ^ ai?# 
pmi^l^ @03?t©d# f&0 ?al«ea of im&lmtm grapMe sic©«i®s0 CliC|5 i?syaf#s 
tmm 0*0^ to 0*580 Q»<3. tiieaa falii#s ladi^^fit a la:^© fj«al»©r of 
samplo f^. 8 aj?© utm l^^ r s^^wiatrieal ^isttltoiitioa. i^^rs as 5 S-aaplss ara 
fte9 sfe»-5i©dt k am ^wmgl^ tin^ ^m^ sad ««iai«ing 3 Mm,,m^TBQr 
^ismQ.* Oa %%& toasts Df til® grapliics kiiitO'aia CK||) imlyt^s raijges tmm 
0 « ^ to t#8^ 3ii ^Mm. a laii© Bsajetitj ©f saspl^s i are pluty&iijrtiat 
6 afi laptsakMi^ tiet 5 aj;^ ai8SK5ki»ti« aod tfi© rsiB^tol»s OBQ. i s 'wm^ 
^ 
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FIG,Ea COMPOSITE HISTOGRAM 
SHOWING AVERAGE MECHANICAL 
COMPOSITION OF GWALiOR 
SANDSTONES. BASED ON AGGRE-







































































SHOWING ROUNDNESS OF 
QUARTZ GRAINS. BASEDON 
AGGREGATED GRAIN ROUND-
NESS DATA OF 20 SANDSTONE 
SAMPLES. 
31 
taliai®6a«l in tjlie BIK. elassss »f l?0¥@r» C1953) Q**^  p^sii it#a is 
faMt ,11 ^ 1 ^ Fis* 3B» ^ r »jiiaai®si. ^mim^imi a- to ta l ©f 11^7 
qsicwrtz gratos ^ars: o i ^ t o M ia t l i ia steticsas of fell© aD saadsfcea© 
saapl.0s# ^ e diatrillsiitioii of i^ t^ tajfeass iraluias to Is^tddwal saapX©-
13 latgelf ml@5dal aid oa.!^ h ampins slsoti l^te^dal «llsti?llJiitloa* 
fli@. mdal eiass> Sn a large sajoj^ltjr ol* siispl©s, I f oiit. of a> l i « ia 
t te au&foiUKlijtl olass aaad t&e f*«:ia4»iiig 1 i s Ipea^e^ lu t^9 siils* 
ai^ aXap 0ias0» -^e naaa iot»teiss C i ^ mm^^ t^^ •©•33 (sjiliaiignlar) 
taluks of t3 s^ples faH .ia tlis ®aT»K»»isfi elasS| 5 ia t^e x^na i^ 
<s3.assE» yulte UkM rest ^ f 2. ^ asi© Jin tb© satomgnlar elast* fii# 8§gw&» 
g ^ M i!^ .imite0ss iralaas of tisi g aipl@« ilijw a, igjlag i^fia. ^istribiit lQa 
in f i g * 34f $m wa^im tlie si&d^ o l ^ a iMs M th& Bv&mQW^&ik ^lass 
aiid eo»,tairs8 31*50 pewJoit ©f tii@ t ^ t e l aggi»s^atea ir^uss. ®i© 
ifeawfdi nator^ of t l is dlsti»ib's^.i0rt $M4i$s^m thB atelxt^ u3m ©f 
ssaj»®uad^ aaa t o w a ^ fi»ajtas# 
^sp:» i^ t i ^ . I 
fJiQ ismp&BiUjon ©f s^^tlior saods'^as is ^mmi la f A M l l l # 
fh& Bm0M&a& i s -laaiftly a»p©se^ ©f ^aarfcs t to t r^igas ^«ea BQ^m 
to 9'?*§0 pti«@nt la i?Dluiia* iKEiis e©mp©,0itiijii p3E^irtatM s«d^o»0 
to ibt laatufB @l0® u ^ i im& thus em &# classified as 0i?tlJOfi#i?tsit# 
t^m* SlJ® gralii-s %Qm^ ©sell otl®r to f^ SQ a stafel® mm^ and tla@ -mMu 
Ja i3#t¥®8ii. th® grains me HUM ap by i i« t r i ta l m^tti^ is. tfta foi© of 
32 
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&imxtf rock ff^aeats and prscipitat^ sts^mdajy aiiica e^ in t 
(Plait I?, wtg* A)« Qiiaats gfaia© stow mia^tsi^pio fabric i^i<^ 
ia elearl^ assn t^ th^ ma^am ^rlmitsi^tim ot ^iiarts grains and 
as^ gmeraXl^ fine g^aios^i @tibrcit»i(l<^  t^ mm^e& hm%nQ wa&Brs^&l^ 
sorted in ctiaracter (plate ?| Hgt B)* 
fh© etrtdii t^eOows ajp© eonEsoa la tli& thin ssctioiis iiadtr ths 
c3POissd BicQ2.s# WmBB strain slisu^ws of daitiiass pma slowly fros 
on© ©ad to anotbor md of the grain boundary duriag a coapiet© 
rotation of itago# fJio d^r t t of stjsoag iiadiilatioii ov© th© soure© 
of Bvmh t«^fta frosj pro*@xisttog ©it^aor^Mo terrain* laeXasioas 
ar@ nieoiiaoii* j^ nd&isly oriostoi nt^dlo gliaptd malX Melmi^mB &i 
rutiXSf toarmaiiaei apatite ha^o t^ toii oli3or?@d In im t^artis gralii0» 
B0oyol0d aodi!a@{ita27 quarts graitis aj;^  oojliBioa* f^ gmrtzi oirofgro i^^ ^ 
in Q«c!i graiiis oecar in optical coatSauifcy ^tto the oidtginal detiltal 
QimrfeE SJpato* ismatlto duat imlpa ia laajldteg out the Jjowndaiy botwem 
overgrowtii and original detrital «|aarts grain* I t i s poiaiblo that 
soKo of the grains i^ ore inTOlted in ©or© thsn ©no sedtoeatiu^ oplso^ 
of transpoHation m& pofslbly mmy hsvi passed through B&wmml 
<^clos of orosioa and dopositioa* fh® oTOi^ rowth fo»3-S a seeondarf 
ri!S ovQT th© dotiAtal grain, Bmh rooyclsd sodlmQntary tw^ y^ t^ s graina 
fona 95 poiro^t of ro*^ tgr i^ olamo* Inclusions of heai?y siaorals lilca 
tooreialiao, nitilo &M aireon along ^tliiii t^^s^s grains show 
resistant naturt of gradns s^cdinst sroslon* 
feldspar I 
Genially doti^tal gjmins of foldspar aro rarsi if present 
ranges fioa 0*^ • 1*6 percent of mek hf voltae in thin ssetion* 
3? 
surrounded 
JWiTO- iJtCSI ©toternai and trapped by / sagiOar t© st^iaiifii^r fiWtiS 
$mMB if2Mt& Iff : ^ * S|« 
0m^ I 
#1" ^ajm^f$|dUAii@ gi^stnlar "^^i«tw<^ « i ^ '11 '^ MSi '©q^ifStati^at 
MfsHt fm^mt& t 
36 
the ©ilgisal 6#i»ital ^s*«ls as a&mn^mif $mi^h* J^M^ nm^^r of 
ant eoiipaat n^mli- Siie t^ tli@ pf@im<^ 0.of 3lXi@a. as emantiiig 
aQ;|ea?iait. ITQU 03ii4@ ^wsat gme^iaUy fonts a ^tioiiiw^ l l s i ^f 
th9 Att^ital ^aarti3 gi^atos aad tMs stpai^tjes ^© aueltws from m& 
Q^mMmf 3?to:« fW.8 Bhs>m tikB.% d^liltal,' «|»®i1t.2S gtmlai wtf*@ ieposS ©d 
first and iMm &n thw mm m^^^ ^Ito imm ©.xidt e^saat* fh@ 
© s^esil la, th-e fo^ m of B&sm&m^ qmxtB &mm& to i is^ otl^M^ed. 1M 
tm latt stages of <liv#l®p3s»t prtf ©t®&5^  Awe t© <^ iBp'ajetio» m& 
s@ett@iia Qi sm^^m^Q imQlM® %Qwm§^$xi% ^mM$ «itiX@ aM 
Ofaqu9 In. 03?«®r of ^onii^^S-t ts&u stabl© si^eelss of h^mw 
minm^Q ar© l^ntiMax^tf silo% ei3l@a t^i)| nagiistit^i ii<miatit©| 
etet ^ 0 oatim> of tfte iistMbtttdoa. of Mm^ alutfals aM tiiaiUr 
mmvmt is irafiaM© la diffaiP^t §wpl©s» JDn lu^st of tli© mmpXeQ 
th#y sfa a0^tei^4 t^ aii^ te^ a^  m4. lii#lr i»i'tait iiafta.^ ^^tdda mse 
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i?oim.464 (latJ'ital grates wM^ jparel^ st^fS ia»tlsjLg®ai<5 gm^lis* 
Mos% of tha graias mm hmwi mXmLm^ l>i^  greaa, t^Hm tmA i»Xu© 
llii^ on i 
Zlfsoa lies ii«sl la d i^y of ^«da8©0# ^@ grains are walisr 
tiim til© a0sc»aiaiei ^tii^aMnd gi'sl^* On tli@ Iia$ia Qf mXowtf thvBa 
types of 3^^ 3011 gralat aff iiimtifiad* tosag them. %%tm varietAeSf. 
•< l^0arl.<sss vai*it|y is ^^^m% wliila r#at #f tw iscludai jellowis^ 
Iji^m « ^ pii& ,My«i©a» flit stoap0 of Mteon Marios, fwm pmitfmtt^ 
Eiitils I 
Itesfe of til© ratii© oeea^ as i^ imfefi M&&% « i eoi©tti» Tail.iBfeioii 
raogis tvem 4sffe l>i<aw to g#li$ii. f^lXm* ffe© graias ^ 0 g^atfall^ 
39 
1 ^ opa^ ii© Immy laiati^ls a^p© iBagaetil© end bmattt^s* fli® 
grains of sagatfcitt md imm^ttn » # geii©ral3^ itmMm$mlm md 
k§ 
mMOhmmn 
ThB r©eks of 0wall©i» Bf^m f©!® a pa^t ©f lite wm§mibTim 
fce^erato to. Jiotfchwg-ifcsim region of l^ a s^^ a p3?a^^ ai^tmd f«©iis 
eltjr of 0wall0i«« fli© @xp©3©i fQtmmt^m. imfB bssa II^ M0<I as l^&t smA 
Ifepar seii^s that mmnMim^l;^ oTQ-ril© t^ © BaKd#3Miaiid graalfc© md 
pieissQs snd ia tiM»s o'^ -etaaia hf itta^l^aa f©€^ s of KBimm Qmm* 
Wmm f^ iBiSLtJUjm ajp© pjtilsatol^  «qi^ Lira3,«t t© tat npf@r paxt. ©f 
Arairaiii 0e%aime@ and imy tliiis to® eqaiiraleat to BiJiwws* fMse 
sfei*^ ai«a i s a&oiife laore tlim^ 66© ii©t©r tlilislE* f&e ^fciag of Jmeks 
©a s^d#fn lin@S| aslag isiiisa roetlioi of mMjsmQtTtQ darting| pi^ires 
th® inteitj^MM ti»aps of Morar Seijles to. to© of tfei© ojfd r^ of 500 M*,I» 
or so* th& awatioi* foc&s ara Ims m^ms&i^pymM^^ ^ t h the ipeasoiilui that 
th@y do not oeci«p «$.tli ijioat piox^toity of tho .injasttesii omgmiQ bolt* 
fho stw^t4 P«wp saadstoae® o^fsrlit tfisonlbif^bl^ ot'ej?- imeir^ 
t©|)ograp!3iy i>foi?s..d©a by BimdttttteiMl gfoaite aa4 gasi«s* fb©so 
saaa.8toii©a at piaeQ# apptss* «sasgl«©i»ati<i* f.^ sdaBsiJSii!t- primBsf 
s^Uteeatarir stroetiis^ IxmltiKlt ^ya^tiital,. %fp^ of .yippa^ es* 
liarar s#:t?los Is -^^jm^ a ti^^asitloa^ stt«^0o m&l^im ^^ ® 
par fosaayuai. aad %hm m unooafoimity aepaaratoi th© tm* ? ^ wefea 
matajto fism^-Jaoiis ^a l t i i impm m^ iM%BfbQM&& tyaps* Imn 
.€oa#eiiti»atli?» la JaspM^yis ^al@s etlffiilXatt^  l^ ooai p j^pl® foi» 
©xti?i«!tJj!i» of erad© i»3» fi^a tbas© m^B m^ oM ^tktogs pit^ irsd 
mwtt^ of It In til© past* fim Usmstmm bs^^ a^e itjorty ia «attti^ md 
hi 
s2J,ps and grualiJtog a ^ ha%® i^^wited du© t© t l i tat aBigjIioas Miitft 
i t i s tuir^tai i l^ tm%mm^ tm^aie^l^ mi& i i l i i# i>altg| ial^ aid %hm t& 
&m to tli© pmnmrn of ipseycisd (jiiaxtji gyaiasf ae^aseiJteiii^© anA. 
.st^l® ff^twaite ©f stdl»@itQli©at ffet sasiston© i s p3?$^»liiQiitly 
UBij«idaU^' 4isti'itoat0(lt. f:toi to miirtiw grairtefl, wQ^^mt^ly t© pt#r 
i^r led, «0si*3^ gpaa^t^Klcmll^ s&s^ isa ant pXa^y to J^pjokOffcio* ^ ai:^ 
iai^e t i t i quails gtalRs prissat taijUsssAoi. ^ stiAl3atio» of louailaess 
UJf© tottisaliii® aai i^3?^ ©a furtili©!? ii^iwijet tli© Mm mi, m^mt of 
. ®S0 Sis© of *h© par l i^ l ts ia<lie^t lliafe thesy tieefo imm. 
tra»sp0itaa f©^ a Icij^ aist^^t- imm fe^ pt^-^^aasot. ^ t fast-
fi@wiag ©airaat w$$h% imm^ giirea- rim e^w&Bi&n ©f i^mffest $mixm 
%Q mmUMT 8is0f H«©vai?t th& iM^ of fw los^M |jE -^sp3i*alj..ic>» i# 
s.j:^poit0d t ^ !iigU isff0® ©f fioiin^t'ss te ^nai^s gfatos* 
Wm sadiromlatJ^U- of P ^ l>^s asljsrai n i th ^so^loiaaraiiss ^ i ^ l i 
ocQ-aais) $m^ f iss t© oattara «ii@«i &m^ €m t© pfolnigft. ttaaspsi^atiojs 
0? agitoJjed waurt e0ii(aiti»ii9# fu© i©pDsifcioii et^Jt^i ot@r ^ fugg^ 
t o j ^ g r a ^ p3P9saat©d I f qpsf^i f i t f s of Bwlsllsliaa.4 granite .la % ^ i ^ 
tte. w i i a »© f i l l ed op wifeli sai«isft«m@ dtpssits* 0hal©i S0«! to imir© 
b0®Ei toi^sittt i s ^oit® .ail*! a^tp '^ atei? tmt l t iu i ia* 1fe3?y 8l#ti i ^ t of 
k2 
@iligM@3i!SQ' was mmmpm^B^ ^ B^^^Mm^i@tiam • mA turn r@si»it@d Mtim, 
©f eaiijoaatt s@4iis:iiit8# Mor^wr in%&m^%%m% "wolcsaie ©irnptJioiis 
ategj-iO j^glc ©1^ 0 up of pysxkSwaiiflii* m^B iii^eat® pi^ssae© of 
{^ •^ ®0 tiiscb f©pf@stiift -Ilia d©p©#®Eifepi liairliig u»fl»©riili®s»«l i^#is* 
of sitaaoyphie gtraiiie«l qiMins fraias* It^wsri^ aa^etit© i-aflioa^es 
©f <|iia'^ % ssii^tt ^ t l i 4®ir@l®|^ sd ©li^iSiea, graaifeie fi^ i®fiS2^ .s te-ll 
a tml© of pf«&i?^ aa@# with i^mm suits of i9<^s» 
%h& stt»2y i«ps.a ^H© Btiii4s.|l£ii^ i8i4 gfaai.t@ suite p l ^ s liaportant sole 
In ecmtiibatiiiS- tM EintraS* aaa^ilil^ss t® %hQ iwaltoi* i©«iis« 
ffe© present 8%i^ saUtfmtl^ is not eoneliisiire p$wt&tx^Ms to 
midJtJaroaotai eoliiitlms tij^ a^? itiieli pai* SOT^ stoii© ^ i 4#|5©sitei# 
I t is 3«to.l^ t&at fttxtteir i t tatJi^ m^SmmtoX^gtt^ &%xMm ©sr i^^saJ 
tM &MM. ^.SmmmSjm %o Vm '^m0vmi& <if 4&^MtioE of tl»@s m^B* 
fim pi^ssent ityAy aiii tii© Mta is i t otogrs tkdb tiia- f a3?t^ s,r 
alal^ratioii of ^'^s's^Matai, #p.a®iilsfeA(j» is si»©Misfc ts^iis* 
^m^^. I. 
OOTCBOP PHOTOaiM>H OP MfWm M&MB 
Ms* A t Pliotograph showJug tli© sysniQtrieal aad Ijranclilng 
type of ripple marks to |>ar Saadstoa© neetr the 
Jiwajlgung Bailway StatioB* 
PLATE I 
Fig.A 
CaiBAGTlES Of GWMJOB mCSLB 
fig* A t Photograplii' showiag local slippag® In Herar qiiartalta 
aind sliale b3<iS| noar thd Sakha fl i laa (Oahadpui* 
irillagQ)# 
3?lg» I s fliot©gra|ili 5^0Wlag l©oal sUppag© ia lft>ray quartsit© aad 
sliale btd, naar aithoitli BalXwi^  atatjbn* 
•f. ^^ :r«?^ ^^  
PLATE II 
- I t J 
f •.—. • 
• J * • ' 
Fig. A 
J ' - ; 
n : •* 
Fig. B 
PJUf E » III 
mmmmlimmMiMm'ui mfflliffrwK 
eaAiActiss OF m.MM& WCKB 
wig* A I Fhetograi^ showing alttmat© bands of ^a l©| 
qimrtiit© md bright rs4 JmpBtf siialt hs^a 
l)3Cosi@ friabX® da@ to Jolntlngt nsar Bag palai^. 
PLATE III 
fcinlMrBiTn II iiiWii* 
PHOTO^ aCKXHUPHS OF OWAUOB SMDS2X)HS 
Fig* A t Photo£]icrogfaph shoving the gimiss eontact betv^aa 
subx^unddd to angolar qitartz grains<erods niools X60) * 
Fig* B } PbotoBicrograph shoving trapped microclina sunountlad 




S^I«ii3PM «» V 
PIIDfOMlCBDGMP^ IS OF aUAI*^ E Sil^ BSfOM 
Fig* A i FliotomieErogrdl^  iiioviiig aUomftt* l»mds of f@rragi{i^4i 
Fig* B t PhotoniofograpH ^Honing fin@ orisntoi Q^axts gi^ UUid 






W&^$ %h*f 191% t fft© 4i3tii^ti©ii l^tweoa fralB sis©- » i aiiitraj. 
iigaiUcaaet ©f gtaia© sijst fmrn^tmB* ^#iir* sad* Fetftjl*., 
anal^sia ^Alli tm p^m$p^ht^ MmmBrnp®'* &9^$mm^M^f 
Ifm kf p» 2%7-t*## 
Ss^ elsQfc, 0*4*, iSfO I B®c# 0a«>3,t aii^» .laiiai f •IH't 
l a ^ a l , Ct:A#s 1922 I ass. @@©X» Saw* lisM% ¥• Uf* 
lijpoai A#M,| If at t &© fwsai0r .ISG4 fini^aa. sjrsfe^ of »ii^U##ail6i« 
aee#, f i a l» Surf* la^^^t vt # » 
p0mU9 v* 111 i»# ^ %»1^ a* 
0f Inila wmuBg es3,#y*ta# (III ©a*) t f # 1| ^ 5 f * 
^ 
l^sslssippi iiif©r SaaA,» Jotir* Ooaldsyt ir# *#-5» P* a2^*aS7* 
S8illismt0i#syi T* -^i F» ^ l * ^ 3 # 
a mpl^9 soiSffl^ t©2^gr.t "i^* If p* 1^»0?* 
MMiai Bti*| t95f I © l^©g|^  of M^H M%muxm^ and ^ , i.'ia«|. 
P« 351*360* 
tf«a%^it&tC«K*, 1922 s 4 seal.© ©f a elaea l« is for clastfei^ 
